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ABSTRACT
BACKGROUND Advanced light-chain (AL) amyloidosis is associated with poor prognosis, with a 5-year survival rate
of <25%. Prognostication is based on the revised Mayo (rMayo) staging according to serum cardiac biomarkers.
OBJECTIVES This study sought to determine whether global longitudinal strain (GLS) can provide incremental prognostic value in patients with advanced disease.
METHODS Baseline (pre-treatment) clinical, 2-dimensional echocardiogram with GLS and laboratory data were
collected prospectively in 94 patients with newly diagnosed AL amyloidosis with rMayo stage III or IV disease. Overall
survival (OS) was deﬁned as time from baseline echocardiography to death.
RESULTS Of 94 patients, 60% (n ¼ 56) had rMayo stage III and 40% (n ¼ 38) had stage IV disease. Ninety of the 94
patients underwent plasma cell-directed therapy. The median left ventricular ejection fraction (LVEF) was 60%, and the
median GLS was 13.2%. Of 94 patients, 64 died during follow-up. The median OS was 11.2 months, with an estimated 5year OS of 21%. In univariable analysis, brain natriuretic peptides, GLS, LVEF, E/e0 ratio, and rMayo stage were signiﬁcantly associated with OS. In Cox regression, GLS provided incremental value over brain natriuretic peptide, troponin, and
LVEF for predicting OS. Patients with GLS < –14.2% had a corresponding median OS and 5-year OS rate of 33.2 months
and 39%, respectively, versus 7.7 months and 6% for those with GLS $ –14.2%. This difference was maintained despite
further stratiﬁcation by rMayo stage.
CONCLUSIONS Baseline GLS is an independent predictor of OS beyond the circulating biomarkers and can identify
groups with different survival outcomes beyond the Mayo Staging. (J Am Coll Cardiol CardioOnc 2020;2:223–31) © 2020
The Authors. Published by Elsevier on behalf of the American College of Cardiology Foundation. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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L

ABBREVIATIONS
AND ACRONYMS
AL = light chain

ight-chain (AL) amyloidosis is a rare,

stratiﬁcation beyond conventional clinical, serolog-

potentially fatal plasma cell dyscrasia

ical, and echocardiographic indices.

characterized by tissue deposition of

amyloid ﬁbrils derived from monoclonal ALs

BNP = B-type natriuretic

leading to progressive organ failure (1). Cur-

peptide

rent treatment primarily targets the patho-

CI = conﬁdence interval

logic plasma cells to terminate monoclonal

dFLC = difference between

PATIENTS AND METHODS
STUDY DESIGN AND PATIENT SELECTION. Ninety-

four consecutive patients with newly diagnosed

involved and uninvolved free

free light-chain production, with outcomes

biopsy-proven AL amyloidosis evaluated at Memorial

light chains

largely dependent on hematologic and organ

Sloan Kettering Cancer Center between May 2007 and

GLS = global longitudinal

response to treatment (2,3). Cardiac involve-

January 2018 were included in this study. All patients

strain

ment occurs in 50% of cases and is the major

were classiﬁed as having rMayo stage III or IV disease

HCT = hematopoietic cell

determinant of survival (4–6). Advanced car-

transplantation

at the time of diagnosis. Disease staging was based on

diac disease often precludes patients from

HR = hazard ratio

the rMayo score, which uses circulating cardiac bio-

aggressive treatment such as autologous he-

markers and dFLC. Patients were classiﬁed as having

LV = left ventricular

matopoietic cell transplantation (HCT) and

rMayo stage III or IV disease if 2 or 3 of the following

LVEF = left ventricular ejection

clinical

fraction

treatment-related risks and poor overall

criteria were met: BNP $400 pg/ml, troponin I

OS = overall survival

outcome (2,5,7,8).
Serum

trials

of

increased

(TnI) $0.1 ng/ml, and dFLC $18 mg/dl (10,13). Baseline clinical, echocardiographic, and laboratory test

as

results were collected before or within 1 month of the

Tn = troponin

troponin (Tn) and N-terminal pro (NT-pro)

start of light-chain treatment. Clinical and treatment

TnI = troponin I

and B-type natriuretic peptides (BNP) reﬂect

data were extracted from a prospectively maintained

the extent of cardiac involvement and play a

database of an ongoing institutional review board–

central role in assessing prognosis in AL amyloidosis

approved protocol that collects clinical characteris-

(9–14). In combination with hematologic disease

tics

burden, as measured by the absolute difference be-

AL amyloidosis.

rMayo = revised Mayo

cardiac

because

biomarkers

such

and

outcomes

of

patients

with

systemic

tween involved and uninvolved free light chains
(dFLC), these biomarkers are incorporated in the

ECHOCARDIOGRAPHY. The conventional 2-dimensional

prognostically validated revised Mayo (rMayo) stag-

and Doppler echocardiography protocols have been

ing system, which is currently used as the standard

previously described (15). Brieﬂy, the studies were

for risk stratiﬁcation and prediction of survival of

performed by using commercially available standard

patients with newly diagnosed AL amyloidosis.

ultrasound scanners (Vivid E9, General Electric

rMayo stage III or IV is associated with very poor

Medical Systems [Chicago, Illinois] and iE33, Philips

prognosis, because only an estimated 25% of pa-

Medical Systems [Andover, Massachusetts]), accord-

tients are alive 5 years after diagnosis with treat-

ing to the standardized American Society Echocardi-

ment (13). However, a previous study has shown

ography protocol (18). LV ejection fraction (LVEF) was

heterogeneity in outcomes among patients with AL

calculated using the modiﬁed Simpson method. The

amyloidosis within each Mayo stage (15). Hence, a

mitral inﬂow velocity pattern was recorded from the

more reﬁned assessment of prognosis, particularly

apical 4-chamber view with the pulsed-wave Doppler

among high-risk patients, would be highly useful in

sample volume positioned at the tips of the leaﬂets

guiding optimal risk-adapted treatment strategies

during diastole. Peak early ﬁlling (E-wave) and late

and more clearly identifying a population with an

diastolic ﬁlling (A-wave) velocities were measured,

unmet medical need.

and their ratio (mitral E/A) was derived. Doppler tis-

Left ventricular (LV) global longitudinal strain

sue imaging of the mitral annulus was performed

(GLS) is a robust prognostic marker that provides in-

with measurement of the early (e 0 ) diastolic velocity

cremental value beyond standard clinical and echo-

at the lateral annulus.

cardiographic parameters among patients with AL
amyloidosis (15–17). However, whether GLS can pro-

MYOCARDIAL STRAIN MEASUREMENT. The methods

vide independent prognostic information among the

of image acquisition and post-processing of strain

highest-risk patients based on the current staging

measurements have been previously described (15).

system remains unknown. Thus, we examined GLS in

Brieﬂy, GLS measurements were performed ofﬂine

patients with newly diagnosed rMayo stage III and IV

using vendor independent 2D Cardiac Performance

AL

Analysis

amyloidosis

to

determine

its

role

in

risk

software

(Tom

Tec

Imaging

Systems,
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T A B L E 1 Baseline Clinical and Serological Characteristics

T A B L E 2 Baseline Echocardiographic Characteristics

(N ¼ 94)

Male

61 (65)

Age, yrs

64 (54–70)

Body mass index, kg/m2

26.4 (23.4–30.1)

Systolic blood pressure, mm Hg

112 (10–126)

Diastolic blood pressure, mm Hg

70 (64–77)

Heart rate, beats/min

83 (75–92)

Troponin I, ng/ml

0.17 (0.08–0.26)

$0.1

69 (73)

BNP, pg/ml

659 (424–1315)

$400

74 (79)

FLC difference, mg/dl

38 (23–77)

$18

74 (79)

Serum creatinine, mg/dl

1.30 (1.00–1.98)

Revised Mayo stage
III

56 (60)

IV

38 (40)

Hypertension

47 (50)

Hyperlipidemia

38 (40)

Chronic kidney disease

40 (43)

Atrial ﬁbrillation

16 (17)

Heart failure

40 (43)

Coronary artery disease

12 (13)

Cancer

3 (3.2)

Cerebrovascular disease

7 (7.4)

Values are n (%) or median (interquartile range).

n

Median (Interquartile Range)

GLS, %

88

–13.2 (–9.8 to –16.5)

LVEF, %

94

60 (55 to 66)

IVS thickness, cm

94

1.40 (1.20 to 1.60)

Mitral E-wave, cm/s

93

91 (74 to 105)

Mitral A-wave, cm/s

86

57 (33 to 82)

E/A ratio

86

1.50 (0.98 to 2.90)

Lateral e0 , cm/s

85

5.70 (4.50 to 6.90)

Septal e0 , cm/s

83

4.60 (3.85 to 5.80)

Average E/e0 ratio

88

17 (13 to 22)

RALS

79

0.50 (0.41 to 0.59)

Deceleration time, s

78

0.17 (0.14 to 0.21)

LA volume index, ml/m2

78

37 (31 to 44)

TAPSE, cm

51

1.7 (1.3 to 2.0)

RV TDI, cm/s

30

1.23 (1.02 to 1.44)

Stroke volume, ml

78

52 (42 to 73)

Stroke volume index, ml/m2

78

29 (22 to 36)

Cardiac output, l/min

78

4.30 (3.26 to 5.42)

Cardiac index, l/min/m2

78

2.30 (1.90 to 2.80)

GLS ¼ global longitudinal strain; IVS ¼ interventricular septum; LA ¼ left atrium;
LVEF ¼ left ventricular ejection fraction; RALS ¼ relative apical longitudinal
sparing; RV TDI ¼ right ventricular tissue Doppler imaging; TAPSE ¼ tricuspid
annular plane systolic excursion.

Intraclass coefﬁcient was calculated as a measure of

BNP ¼ B-type natriuretic peptide; FLC ¼ free light chain.

both interobserver and intraobserver agreement.
Unterschleissheim,

endocardial

STATISTICAL ANALYSIS. Overall survival (OS) was

border was traced in end diastole in the 3 standard

Germany).

The

deﬁned as time from baseline echocardiogram to

apical views, which allowed the software to track

death. Date of death was obtained through hospital

myocardial movement throughout the cardiac cycle

records or Social Security Death Index (SSDI). Those

(19). After careful inspection, manual correction was

who were lost to follow-up (no clinical encounter $1

performed if the myocardial tracking was suboptimal.

year before the end of chart review on May 15, 2018)

Each view was divided into 6 segments, for a total of

with no documented death date were censored as

18 segments representing the entire LV. Longitudinal

being alive on the last day of available Social Security

strain curves were generated for each segment. GLS

Death Index records (March 19, 2014) or last clinical

was calculated as the average value of the peak

encounter, whichever was later. Continuous variables

negative systolic strain values for all the segments

are presented as median (interquartile range) and

within the 3 standard apical views. Relative apical

categorical variables are presented as number (per-

sparing was calculated as the ratio of the (average

centage). The correlation between GLS and selected

apical segments)/(average basal þ mid segments).

continuous

variables

was

estimated

using

the

GLS was measured by 2 experienced operators (K.L.

Spearman rank correlation coefﬁcient. Associations

and J.Y.). All echocardiographic measurements were

between baseline variables and OS were calculated

made with the operator blinded to the clinical and

using a univariable proportional hazards Cox regres-

outcome data.

sion model. Continuous variables that did not follow

REPEATABILITY

AND

REPRODUCIBILITY. Interob-

a normal distribution (TnI, BNP, and dFLC) were log-

server agreement (reproducibility) was assessed by

transformed for the purposes of Cox regression

comparing the original GLS calculations (made by

interpretation. Cox regression model results are pre-

K.L. and J.Y.) with those calculated by a blinded

sented with hazard ratio (HR) (95% conﬁdence inter-

second observer (J.L.) in 20 randomly selected pa-

val

tients. Intraobserver variability was calculated by

assumption were conducted for all Cox regression

repeated measurements in 20 patients by the primary

models by using Schoenfeld residuals. The incre-

reviewer 3 weeks after the initial measurement.

mental

[CI]).

Tests

value

of

of

GLS

the

proportional

over

other

hazards

cardiac

and
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had rMayo stage III and 40% (38) had stage IV disease.

T A B L E 3 Univariable Analysis for Predictors of Overall Survival

Ninety (96%) of the 94 patients underwent plasma

Hazard Ratio

95% CI

p Value

cell-directed therapy. Among the 4 patients who did

Age

1.01

(0.99–1.03)

0.379

not receive treatment, 2 died of complications of

Male (vs. female)

0.86

(0.52–1.41)

0.544

amyloidosis before initiation of treatment, and 2 were

Hypertension

0.83

(0.51–1.37)

0.473

Hyperlipidemia

0.78

(0.47–1.31)

0.350

Chronic kidney disease

1.02

(0.63–1.68)

0.926

Atrial ﬁbrillation

1.75

(0.94–3.26)

0.076

transplantation (HCT)—8 underwent up-front HCT,

Heart failure

0.91

(0.55–1.49)

0.696

and 15 received chemotherapy before HCT (14

lost to follow-up. Of the 90 patients who received
treatment, 23 (26%) underwent hematopoietic cell

Coronary artery disease

0.92

(0.44–1.94)

0.833

received bortezomib-based regimens). Among the 67

Cerebrovascular disease

0.60

(0.22–1.65)

0.319

patients who did not have HCT, ﬁrst-line treatment

Body mass index

1.01

(0.95–1.06)

0.863

Systolic blood pressure

1.00

(0.98–1.01)

0.505

Diastolic blood pressure

0.99

(0.97, 1.01)

0.374

BNP*

1.30

(1.01–1.68)

0.041

1.71

(0.89–3.29)

0.105

phamide, bortezomib, and dexamethasone (n ¼ 25);

1.09

(0.89–1.33)

0.411

immunomodulatory drugs (n ¼ 5); and rituximab

1.06

(0.61–1.86)

0.826

(n ¼ 1). The median baseline LVEF was 60%, with 16

1.02

(0.84–1.23)

0.869

(17%) patients having an LVEF of <50%, and the

1.35

(0.71–2.60)

0.361

median baseline GLS was –13.2%. Among the 94 pa-

Serum creatinine

1.00

(0.84–1.19)

0.995

tients, 88 (94%) had adequate echocardiographic

GLS

0.88

(0.82–0.95)

0.001

LVEF

0.97

(0.94–0.99)

0.008

$400 (vs. <400 pg/ml)
Troponin I*
$0.1 (vs. <0.1 ng/ml)
FLC difference*
$18 mg/dl (vs. <18 mg/dl)

IVS thickness

1.81

(0.87–3.77)

0.111

E/A ratio

1.11

(0.96–1.27)

0.148

Average E/e0 ratio

1.04

(1.00–1.07)

0.044

included melphalan plus dexamethasone (n ¼ 20);
bortezomib plus dexamethasone (n ¼ 12); melphalan,
bortezomib, and dexamethasone (n ¼ 4); cyclophos-

views for GLS measurement. GLS was signiﬁcantly
correlated with BNP ( r ¼ 0.22; p ¼ 0.018) and LVEF
(r

¼

–0.55;

p

<

0.001)

but

not

with

TnI

( r ¼ –0.06; p ¼ 0.800).

RALS

0.98

(0.73–1.32)

0.962

Deceleration time

0.01

(0.00–1.51)

0.070

SURVIVAL ANALYSIS. Of 94 patients, 64 died during

LA volume index

1.00

(0.98–1.02)

0.808

follow-up. The median OS was 11.2 months (95% CI:

TAPSE

0.49

(0.12–1.93)

0.306

RV TDI

0.92

(0.74–1.13)

0.415

7.4 to 27.2 months), with an estimated 5-year OS of

Stroke volume

0.98

(0.97–1.00)

0.052

rMayo stage

0.028

21% (95% CI: 13% to 34%). The median OS and 5-year
OS rate were substantially better among patients with

III

1.00

—

rMayo stage III versus stage IV disease: 15 months

IV

1.77

(1.07–2.94)

(95% CI: 9.7 to 43.0 months) and 27% (95% CI: 16% to
44%) versus 6.9 months (95% CI: 3.7 to 30.9 months)

*Data are log transformed and RALS scaled.
CI ¼ conﬁdence interval; other abbreviations as in Tables 1 and 2.

and 7% (95% CI: 1% to 44%), respectively. In univariable analysis (Table 3), BNP, GLS, LVEF, E/e0 ratio,
and rMayo stage were signiﬁcantly associated with

echocardiographic markers was assessed with chisquare tests of overall difference between log likelihoods of models. Time-dependent receiver operating
characteristic curve analysis was used to identify the
optimal cutoff for the GLS level that best predicted
prognosis. Survival analysis was performed using the
Kaplan-Meier method and log-rank test. Statistical
signiﬁcance was deﬁned as a 2-sided p value of <0.05.
Statistical analyses were performed with R Core Team
(2019), version 3.5.3 (R Foundation for Statistical
Computing, Vienna, Austria).

OS. The univariable analysis demonstrates that for
each percentage point of GLS improvement, the HR
for overall mortality decreased by 12% (HR: 0.88; 95%
CI: 0.82 to 0.95). In Cox regression models that
included GLS with each of the other signiﬁcantly
associated markers (BNP, LVEF, E/e0 ratio, and rMayo
stage), GLS demonstrated incremental predictive
value

over

each

of

those

markers.

(Table

4).

Conversely, when each of the markers was assessed
for incremental predictive value over GLS alone, none
of them added independent incremental predictive
value. When added to the multivariable Cox regression model of variables used clinically to predict

RESULTS

OS such as Tn, BNP, and LVEF, GLS also demonstrated

BASELINE PATIENT CHARACTERISTICS. The base-

incremental

value

for

predicting

OS

(p ¼ 0.037) (Table 5).

line clinical and echocardiographic characteristics are

In addition, GLS provided powerful discriminatory

summarized in Tables 1 and 2. Of 94 patients, 60% (56)

segregation curves for estimating survival, with
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–14.2% identiﬁed as the value that best discriminated
survivors from nonsurvivors, with an area under the

T A B L E 4 Incremental Value of GLS Over Other Statistically Signiﬁcant Clinical and

Echocardiographic Markers in Cox Regression Models

curve of 0.78 (Figure 1). Patients with GLS of <–14.2%

HR

had a corresponding median OS and 5-year OS rate of
33.2 months and 39%, respectively, versus 7.7 months

95% CI

Incremental p Value

Model 1

and 6% for those with GLS of $–14.2% (Table 6,

Log BNP

1.21

0.90–1.61

0.200

GLS

0.89

0.83–0.96

0.002

Figure 2). This difference was maintained despite

Model 2

further

stratiﬁcation

227
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by

rMayo

stage

(Central

LVEF

0.99

0.96–1.02

0.388

Illustration). Patients with rMayo stage IV and

GLS

0.90

0.83–0.98

0.016

GLS $–14.2% had the worst prognosis, with a median

Model 3

OS of 4.7 months (95% CI: 1.8 to 22.9 months).
To date, 10 patients survived beyond 5 years (range
5.15 to 13 years). All had GLS of #–14.2% (range –14.2%
to –21.5%) except for 1 patient missing GLS. Nine pa-

Average E/e0 ratio

1.02

0.99–1.06

0.220

GLS

0.90

0.84–0.98

0.009

rMayo stage IV

1.51

0.88–2.60

0.136

GLS

0.89

0.83–0.96

0.002

Model 4

tients had rMayo stage III disease, and 1 had rMayo
stage IV disease.

HR ¼ hazard ratio; other abbreviations as in Tables 1 and 2.

INTRAOBSERVER AND INTEROBSERVER VARIABILITY.

Substantial agreement for intraobserver and interobserver GLS measurement had previously been reported in a cohort of patients with AL amyloidosis of
mixed stage (15). Here, we conﬁrm the high repeatability and reproducibility for GLS measurement in
this advanced-stage cohort: the intraclass correlation
coefﬁcient for interobserver agreement was 0.96
(95% CI: 0.90 to 0.98), and the intraclass correlation
coefﬁcient for intraobserver agreement was 0.96 (95%
CI: 0.90 to 0.98).

DISCUSSION

outcome among patients with AL amyloidosis. It
predicted outcomes beyond the rMayo staging system
and identiﬁed a 4-fold difference in the 5-year OS
among this group of high-risk patients with advanced
disease. The inclusion of patients with rMayo stage III
or IV disease, an uniform and well-deﬁned cohort,
distinguishes these data from those of other studies.
GLS has been shown to predict outcome among patients with AL amyloidosis with and without evidence
of cardiac involvement (16). Our ﬁndings conﬁrm that
GLS

is

an

independent

predictor

of

survival,

To our knowledge, this is the ﬁrst study to evaluate

providing incremental value beyond established

the prognostic value of GLS when added to the cur-

clinical, echocardiographic, and circulating cardiac

rent biomarker-based staging system among patients

biomarker risk parameters. Furthermore, the results

with advanced AL amyloidosis. The main ﬁndings of

of this study suggest that GLS may be the strongest

this study are as follows:

predictor of survival compared to other validated risk

 GLS is a robust and independent predictor of OS
among patients with rMayo stage III and IV disease, above and beyond well-established prognostic parameters such as Tn, BNP, and LVEF.
 OS among patients with either rMayo stage III or
stage IV disease was further stratiﬁed by incorporating GLS, demonstrating heterogenous outcome
within each stage.

factors such as troponin, BNP, dFLC, and LVEF among
patients with advanced disease.
GLS, an index of longitudinal LV function, is
considered a better measure of myocardial contractile
function than ejection fraction, particularly in hearts
with small cavity size and thick walls, phenotypic of
amyloid cardiomyopathy. LVEF can remain normal
despite signiﬁcant reduction in longitudinal and

 GLS of <–14.2% was associated with improved OS
in a linear fashion during the 5-year follow-up
post-treatment.

T A B L E 5 Incremental Value of GLS Over Clinically Important

Markers in Cox Regression Model

The effect on OS plateaued at GLS of <–14.2%

HR

95% CI

(Figure 1). A GLS cut point of –14.2% best discrimi-

Baseline log BNP

1.23

0.92–1.65

0.169

nated survivors from nonsurvivors, identifying a

Baseline log troponin

1.03

0.83–1.29

0.766

4-fold difference in OS among patients with rMayo

Baseline LVEF

0.99

0.95–1.02

0.374

stage III and IV disease.

GLS

0.91

0.84–0.99

0.037

This study demonstrates that GLS signiﬁcantly
contributes to risk stratiﬁcation and prediction of

Abbreviations as in Tables 1 to 4.

p Value
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F I G U R E 1 The Relationship of GLS With 5-Year OS for Patients with rMayo Stage III

and IV Disease

undergoing echocardiogram for suspected or known
LV impairment in the general population (21), as well
as in speciﬁc cardiovascular conditions.
Despite emerging data on the prominent role of
GLS in predicting survival, cardiac Tn and BNP,
biochemical

markers

of

cardiac

injury

and LV

dysfunction, remain the indices utilized in the current staging system for prognostic classiﬁcation. Our
ﬁndings indicate that pre-treatment GLS may be the
strongest parameter predicting survival over the
serological

cardiac

and

hematologic

biomarkers. Incorporation of GLS, a marker of cardiac contractile function, can signiﬁcantly improve
risk

stratiﬁcation

in

high-risk

patients

with

advanced disease.
CLINICAL IMPLICATIONS. The ﬁndings of this study

have important clinical implications. We have shown
that the addition of GLS to the current rMayo staging
system clearly allows better classiﬁcation of patients
in terms of outcome. This study focused on patients
with Mayo stage III and IV disease, given their poor
prognosis with unmet medical needs. Although the
GLS provided powerful discriminatory segregation curves for estimating survival, with

early stages of disease were not included, GLS is

–14.2% identiﬁed as the value that best discriminated survivors from nonsurvivors (area

likely to have a similar impact on survival among

under the curve: 0.78). GLS ¼ global longitudinal strain; OS ¼ overall survival;

patients with stage I and stage II disease (15,16).

rMayo ¼ revised Mayo stage; ROC ¼ receiver operating characteristic.

Better discrimination of patients will allow the
development and evaluation of treatment strategies
circumferential shortening, given its dependence on
LV geometry (20), as observed in the current study,
with many patients having preserved or near-normal
LVEF

despite

advanced

cardiac

involvement.

Furthermore, longitudinal contraction is a marker of
subendocardial function because the majority of the
longitudinally

ﬁbers

oriented

are

in

the

sub-

endocardium, which is most sensitive and vulnerable
to myocardial disease. As such, GLS has shown to be
superior to LVEF and wall motion score for the prediction

of

all-cause

mortality

among

patients

targeted toward speciﬁc patient groups based on risk
and reduce population differences when comparing
outcomes of available therapy. Moreover, improved
risk classiﬁcation may help reﬁne the optimal selection of patients for risk-adapted therapeutic approaches, particularly among patients with advanced
disease, who are often deemed ineligible for aggressive treatment given their risk with treatment and
expected poor prognosis based on the current staging
system. However, whether GLS is useful for guiding
the selection of therapeutic approaches warrants
further investigation.
The median OS of 7.7 months for patients with
GLS $–14.2% despite contemporary therapy is a
sobering ﬁnding. Advances in the diagnosis and

T A B L E 6 OS by GLS Cutoff (AUC: 0.78) and rMayo Stage

treatment of AL amyloidosis have led to improved
OS Estimate
n (%)

Median OS, months (95% CI)

94

11.2 (7.4–27.2)

$–14.2

51 (58)

7.7 (5.3–14.1)

<–14.2

37 (42)

33.2 (9.0 to not reached)

All patients

Multivariable Cox Regression
HR (95% CI)

GLS, %

p Value

0.007

years (2,22), but this is limited to patients with the
early stages of disease because the mortality trends
for patients with advanced cardiac disease at diagnosis have remained relatively unchanged (22–24).

0.45 (0.25–0.80)

rMayo stage

short- and long-term survival over the past 15 to 20

0.140

Current therapies target clonal plasma cells to stop

III

56 (60)

15 (9.7–43)

—

production of the monoclonal light chains to prevent

IV

38 (40)

6.9 (3.7–30.9)

1.51 (0.87–2.61)

further organ deposition and damage. However,

AUC ¼ area under the curve; other abbreviations as in Tables 1 to 4.

improvement in cardiac structure and function may
be evident only 4 to 5 years after successful treatment
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F I G U R E 2 OS Based on the GLS Cutoff of 14.2%

Patients with GLS of <–14.2% had a corresponding median OS and 5-year OS rate of 33.2 months and 39%, respectively, versus 7.7 months
and 6% for those with GLS of $–14.2%. Abbreviations as in Figure 1.

(25) or may not occur at all and even deteriorate in

applicable when using a different system and must be

some cases, despite successful plasma cell–directed

considered in the context of the study population.

therapy with complete hematologic remission. The

Larger studies are required to validate the current

persistent poor outcome of patients with advanced

observations and better deﬁne the prognostic GLS

disease underscores the need to better understand

cutoff value. These data were generated based on the

the

rMayo staging system, which may not be identical to

mechanisms

and

pathophysiology

of

the

myocardial toxicity that results from circulating

the standard deﬁnition, because BNP was used

immunoglobulin

instead of NT-pro BNP although both forms of the

and

amyloid

deposits

and

to

develop treatments that can facilitate organ recovery

biomarker

and improve outcome.

Although baseline or pre-treatment GLS was shown to

STUDY LIMITATIONS. It is a single center study with

a relatively small number of patients. However,
despite the small sample size, the number of events

have

been

prognostically

validated.

be a strong prognostic marker, the study was not able
to address whether improvement in GLS after treatment predicts better survival.

(patient deaths) was high enough to enable adequate
power to determine the independent prognostic
value

of

key

clinical,

laboratory,

and

CONCLUSIONS

imaging

markers. Given the lack of GLS standardization and

We have shown the value of incorporating GLS into

the variation in strain analysis platform, the cutoff

the currently used rMayo staging system among

value identiﬁed in the present study may not be

patients with advanced AL amyloidosis. Baseline

229
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C E N T R A L ILL U ST R A T I O N Stratiﬁcation of Overall Survival by Global Longitudinal Strain Based
on the Revised Mayo Stage

1.00

0.75

Overall Survival

230

0.50

0.25
p = 0.0029

0.00

0

12

24

36

48

60

4
1
11
1

2
0
9
1

1
0
7
1

Months
Number at risk
24
27
28
9

4
4
14
3

10
5
16
5

Strata
revised Mayo stage III, global longitudinal strain ≥ –14.2
revised Mayo stage III, global longitudinal strain < –14.2
revised Mayo stage IV, global longitudinal strain ≥ –14.2
revised Mayo stage IV, global longitudinal strain < –14.2
Lee Chuy, K. et al. J Am Coll Cardiol CardioOnc. 2020;2(2):223–31.

The difference in overall survival based on global longitudinal strain stratiﬁcation was maintained despite further stratiﬁcation by revised Mayo
stage.

GLS is a strong independent predictor of OS beyond
the

circulating

biomarkers,

which

can

stratify risk beyond the Mayo staging and allow
better discrimination of groups with different survival outcomes. GLS should be considered as part
of staging and incorporated into the standard
prognostic classiﬁcation. Further work is needed to
assess whether GLS is useful in the selection of
optimal risk-adapted therapy in this especially highrisk cohort.

Liu, Department of Medicine, Weill Cornell Medical
1275

COMPETENCY IN MEDICAL KNOWLEDGE:
Baseline GLS is a strong independent marker and
provides incremental prognostic value beyond the
current staging system among patients with advanced
AL amyloidosis. Reﬁnement of prognostic classiﬁcation with GLS may assist clinical decision making for
the selection of optimal risk-adapted therapy in this
high-risk cohort.
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TRANSLATIONAL OUTLOOK: Further studies
should determine if risk-adapted treatment based on
GLS prognostication can affect clinical outcomes.
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